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(54) NEGATIVE ELECTRODE MATERIAL FOR NONAQUEOUS ELECTROLYTE SECONDARY BATTERY, 
AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode and a 
negative electrode material for a nonaqueous electrolyte 



secondary battery, having high discharge capacity and an excellent 
cycle life. 

SOLUTION: A negative electrode is manufactured using a material 
which comprises alloy particles having 0.1-50 \irr\ of average 
particle size and containing an Si phase particle 40, and a solid 
solution or an intermetallic compound phase (for example, NiSi2 
phase 41), for surrounding the particle 40, of Si and other element 
selected from the group comprising 2A group elements, transition 
elements, 3B group elements and 4B group elements in the 
periodic table, and in which a content of the Si phase particles 40 
is 5-99 wt.%. The alloy particle is prepared by quenching-solidifying 
(for example, atomizing, roll-quenching) a fusion containing Si and 
other element, or by conducting heat-treatment after other 




element is deposited on Si powder by electrodeless plating or 
mechanical alloying. A negative electrode material excellent in 
discharge capacity and a cycle life is provided in the case of the 
quenching-solidification without heat-treatment. 
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(54) [fgwo«^] #*«»s^*ce«!iffl^ffittwt-e©ig)fi*fe 



(57) mm] 

StfMt40&. chm< ifeSP^WK: 

<D7t&£si£<Dmmitx.te£Mmit&vm cm. nisi, 

tg41) t&^tf. 0.1~S0Mm©-^#3|4-T-*i6 
ft *) . SitB«4*! 5 ~99wt96*i&4J)SW*4*>6ftffi*fPS8 

igH («. Th?-fX, P-Jl/Sl^) S-tt*^. 

f) flh©7c**{*«3 -a-fcft. iMtic i tci D£3& 




l tit#W 1 ] 1 £ tcit 2 «±©SitH© £ . C ©SitB& 

m«l, 50/zmJi(Tt , *0. fi&tm©5 wt%feLh. 99 

[«#ra2] si£^t?Big#X«£J?5im^*s. Si 
£. ^»3£!Jg]W*CD 2 A^Ttm, m®7vm> 3B$ot 10 

^fc< £fe ie©7^£friE>«JiXi**i-2>. s»*^itetK 

[fit#rS3] l£/c«:2fcU:©SifB&£. C©Si+BI4 

&4>fc < <t 4>gq^(cafflT-5 Si$*rBi§f*X«3USR3 20 
mm £ T £> . g#*4©iJ3£;fr 

& 

[ft*«4] tt^*KsiSffi#*Xtt&HiiiHI:£' 

[It*^5] 100 -C/&Vl±<Djm~C<Di§mK T h 

ja«nfc^ffi-cff ton s . 3 * ^« 4 aattoft* 

[fjt#iR6] 1 £fc«:2J£U:©SitB&£. t©Si*B*4 
£^g|3^e«){cSH-rSsi^WB^X{i^M 

-■,xmmmnmm<omm.ym-c$> ^ t, 

Si#MXttsi*B£Stf^©f&;£©#lBK:. si£B?£# 

)vr p a > ^fetc j: 0 tf ton-s . tt*^6 ie*5©#;fcm 
^-^Steffl Jlffit**4©Sgii:fr?£. 
[I«^8] SS&£ttfc©gttf*#5wt%J0_h. 99wt 
%«T©SifB&£S.&. £:£&T©¥*tf6S#o.l Mm 
JILL. 50fzmfeTFr«$>£>. fM?:i53&l>L7©<5Jft#>K: 
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[ifjft319] si^ttfrB^tfOai^fSRSft^As. Si 
i. S^»JMJS»5*©2A^7cm. S^tc*. 3B8ot 

m. &mcsM®< 4B^^j:o^2.^e.ji«n/c 

iJ>^<£felS07c3Ri*^^$n^. M«q|3ftV* 

[s»#JS 1 0 ] Si^JSX(*Siffl«r^tf^^<0©**ft 
CCD^SK. si£Hi§(*X«^ISHIft^«)4«fiK-rS 

5aR*^tftm*^!'*Lfc«, ttfi3Httftxt*&§ro 
[m$qi 1 1 ] s&ttemwtttmmt&Wfi* 

Si£, SJ3»iMilWa©2 ASS3R. B^tlIR. 3B1 
5c*. tttftcsiSMK 4B»OT*<fc9ft£l?a>£j§tfn 

[It#ll2] #7MtJ$ft£. ';?9A«TOttttOR 

gms^is*3i 1 * *i«2 ettofi«tm««wr & c 

[if 1 5 ] ^iEffi*s * 9 A^W3^£lS{t^ej 
W#^i2% t » C M©fiHi* (CIB««©IP*««»-'X* 
[0 00 1] 

m^mic. fr-o^mmtcvm ■ want* c £ds-c* s 
^wBKr»«ftffl(D»3i5Koftatm ^ . c ©ms 
t«4©«it*S{cH-ra. *^bj«*/c c©ft^w?4 

[0002] fete. *«ffl-Cl»5**«»IH^CWfc 
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[000 3] 

©g*?>-9--f *;l-MM&©fti:* s 3[#^#*&6ft-Cl,> 

[0004] 3SaE<D-flSe<3^#N7fc^ft?«-^m-C(i, 

^M^e^Sagrti. LiG©*&£g-CLtf>Li£©jg 
-C^^cl^cJ*. ^SCDSI^a«jS^:fii«372 mAh/q 4, & 

[0005] *SM^iur^ffiffl3nfc^s>;^^ 

[0006] ftMRKt£«KE»&« 
KJ:i3Ll*?ia»K:*a-ttm"i-*C43D«-C**. Al4 

fttt»K#9f*«3Efb«ej:DtM-w5«£t5. WBWtrs. * 

[0007] c®*w»bJc«t*ft«w®awwb*i» 

<*ft-C(,>S (#Pfi¥3 -280363-)f&#) . LrfPU 

[0008] a-fb^^iso^Hra^t^jcD^-ra 

7 - 240201^. |§J9 - 63651 -Sf-S£r$RI?) . ffi*Hb;*C& 

[0009] ik. &m<Dft*mMm-'Xmmmmtt 
n^e>ttm*:ffiz.tc-mmmm<z>mmui!br,xi>> -e© 

[0010] 

*w & ««r s c <t * s n i -r * . 

[0 0 1 1 ] ;MS9i<D#fcDgnti. c©ft«*m*»6fc 
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[0012] 

[KJS*0?^-r4/c»©*S] ->U=i>(Si)«, Lii© 
OMMtetl (Li,, Si, ©£i$*jiOT. Li=&pliS» 

«*<o»s*m«:ffl«»»wi^osib3Wt - ferns®*. 

SH&fi*KC«:$-J4020 mAh/q (9800 mAh/cc : JtS2.33) 4 
^M©SI&WS^:SJI©372 mfth/q (844 mAh/cc : Jt 
3900 mAh/q (2100 mAh/cc : it S 0.53) itb 

&/c0 ©«©©#■«&*>«:;*:#(,>. St-oT. si«iS^f 

[0013] L,*>U Si*»6*4ftetmtt. Al©»£ 
Li©tRjg • IktBKff 9(HHEft(c iiftir 

fc•r•5l^^Kcns■c«<!:^^/^:$tvfcc^3&s^ct,^ 

20 [0014] *»S!#6tt. S1*e.3te-SSS»S©^o 

fi±£glfl<Lbr&ftLfc*SJ!l > si*B&©itffi£. Si* 
£ts ®®#Xi£iSmiSllt-i}®Ote-C&W? S 4 . Li©®* 
»-ttafcf*5fl^*b#J*teS*i5fca. Si©«3*ite 

»ft^JIIIB<b-S«l«<rt«I*W*<J:9{c. Si**/hS 
fcttSK l/te#JWff* 0 < . -to J: 9 tt^S &&&©Si 
ffltt. i^m^ «t OXMU < JPfiWS C 4;WTS 

30 5. 

[0015] *$9!fC£r> . 1 *fc«2«±©SitB& 

W4©5wt%Ja±. 99wtX6rF«Sitlf&#£tf>&. ** 
[0016] CW^fit^fCfcO-CSitBa^'SB-rS 

rsi^w@mxw^JBra<b^ij ». si giiws 

40 jg»ft©2ABOT*. S#7C^. 3BSot^. MWCSi 

[0017] ±fB<0**WWK-^«ft«ll«m». 
TI2©*pffitC «t 5 Sig-TS C 4 J0s-Ct S. 

[0018] -o©^{J, ^tt-T-ftflteWSJIWBj. 
(Si7C^+ Si 4 H«#Xtt&»MMb£tt*«iiW S ^ 
< t fc 1 «©7C^) ©?SIl«)*JgHiIK*5ioo XJ/»K 
±4&4«fc , >{CJ*iPbrS@SlfT > SitB?44C^?:ii> 

ac < i feSft&wccsH-r 4 si^*H«*x«^)srfflfb^ 

50 !gj©ffl4i&^^*^fi£-r-SXg4Stf. c©^i* 



^©IS&#**^*i^U;J3IJfebTfci:(,>. 

[0019] SlJ©fgj*:fr?*fi. Si£JSX«S-iffl£^tf£- 
£©t&5fc©«®«:. si<fc@i£t*Xtt£JSR3<b-£4&£#tfi£ 10 
TS^*£i?Wft©tt;t)14«r.5I*I. teJ:tftf 
SJlfr^fiSU/cfS^*. gg@jg{*X«£JSBKb^g?©H 

[0020] ±sE©raft©$Jj£;&&K:*i(.>Tfc. 
/c££ft^H*. ¥iSLr5wt%feLh. 99wt%ferF©SitB 
^£&T-©¥£iJ&&rt<o.i ymfeU:. 50um 
WTF-C&hCtifimt LA>. 20 

[0021] ##fcfp§K:<fctttf. **«»S-ac«rfefflft 
«©HJ6*tt4>»«Sh«. c ©;£&«. si^Xiisi 

[0 022]*»BH:«fc. 'J*-i>A& 

[0 0 2 3] C©fig«. ±Efi«tWfc»br5wt5< 
fell;. 80wtS*fe[T©&^^4#W-$" 5 *>©-££ t,>, IE 

[0024] 

imwomt&vBm otic. *»H(c{)*sjM»m£ 

-e©S3ig7«£. fc<fctfC©©ffitt»J!p£&£ftffi©8{i§ 
$ £ K C OAOtttt^fMl l>fc#*«8?©^KS 
««co»,»-c»as-rs. «c*J. OT©tftWK:fct<>T. tm 

s. 

[0025] ftgfeftt 

#*MIHc«.Sft«fsffra. ^T© 1 */c«2 feLb©Si1E 
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H«f*Xtt&IWHWt*»©ffi («T. fiHtt£6lr>9) 

[0 02 6 ] 3TOS1ffilfttt. ©St§«JS-C*-5-C, £ 
©StCttLi <Mb£f * C <fc -CLi4®iS 0 . »«^(C«Li 

[0027 ] ^2H**-C«).2.Si#W@^*X(i#)Srafb^ 

3 tirt>T fc. Li -f * >tt -Y * >*S*i*^{C/hS 

bp*>. antra. Li-f*xoa»**iw»Kj»«f 

[002 8] &H®Sttti. *«?SB«-e*4Slffitt<E> 

Si. C®gft«jij£-*-SC&*sr&&b>. C©iHJf$£ 
nfcSi^A>k©Si©ffiiSrCJgf£-C#2>. Sifc^WTS 
[0029 ] Sffl*t«. 3T©S-i*Bt4*3££CcaHl/fc 

iT&s-c^s. ^«:xige^0r«. T^r©sita8i«:o 

[0030] co»5i^A«t#»*awsr4ffl*©^ 
#f4^«. ^-©siffle4^^rcit:^>. ffla©sitas 

*^"Ct»rfeJ:l». #-©sitI&4StfJS^. 

Ttt, C ©#-©Si*B«[©^H*5aHtit-r^fe < i *>3P 

^ufc©fcDj«|-c&S. — 3©ftSttft©4rc. c© 
m-OSiffltttdtf^ta^i. Stfc©Si*S&£^if£ 

[003 1 ] ^^i^*cositB«i©^^l4S«. 0.01M 
mfel±. 40wmfe!T-C£>.£ L<. .fcDJfJl 

<BlymfeLh. 35/imfe(T-C*S. nr©Sititi©¥ 
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mmw 40 u m *m *. s i . iieoftom^ja * (c < < * 

££*a^©8a§B$K:3?Bmftl?##££ 

[0032] ^^&^-©-sp**lfilS«o.i um&Jt. sou 
m&TFC*>Z. ^tt^qa^SaWsojimtraM.* 10 

S#<5Tir-5. sitB$foD^&®i±f2©J: J 5«: 
40Mm«T* i iff*Ot,>CD-C\ ¥±5j&&* J 50Min>&ffi;*.£ 

t<»5umeU:. 35MmJirF-C*5. 
[0 03 3] SltBKfc iCf-^&^f- ©^rftK-sur 20 

S&<S>¥*MB* i5. 0T#fcfc^tahP©&a© 
[0034] S-iffflS©&&tt. FJ^«^3gMm-?-m^ 

(sem) tcfcOfflBrr-sciaj-ctr*. £-^f©*4 

©#&*SfflLfc. 30 
[0035] ftSWM©5 -99wt%4SitBtiASAfe-2». 

•fts&ttfttt. S1&^U%b>*3®4BASd&fft?(fiec 

fflt*©J*3*s/h<5<&9jfi*\ ±ieJ6J5£#S!j#K:< < at 

jWN*<«c»)-i-fif5. S1*B©Jt*«. *7SL/<tt8wtK 
fcUL 93vrt%WT. <fc9#*U<«10wt%feU:. 50wt% 40 

[0036] wiftLtcJ; *> fc. SHtt©tt*4«. =JT© 
sifgtfc k ©fiJBt *»jhT* fc*{c . si «dWr « B8tt 

3R«fc 9 & £ ifcte 6il«ft/c 19tl/<tt2 ®J£Lh©&Jg 
[0 03 7 ] ±R7C*<D»*L 2AJ£ 50 
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TcSr-tiMp. Ca. Ba : SB8f?c3&-Cttl*t Pr. Ce§©#± 
STE^i. Ti. Cr. W> Mn, Fe. Co. Ni. Co ; 3 B&tc 
^■C«A1. Ca. In. TI ; 4 BJjOT^riiGe. Sn. PbVih 
Z>. Cfte>©5*>. J:»)*?*tA>7c3KttMci Ca. W, F 
e. Co. Ni"C$>£. 

[0038] fimmvm&fim 
a* 6 a * sb«-c4>& < <t & flsawcfiH 3 ft 

[0039] atm^m i y£&&**ms,-r zmn cm 

1»4>U< «2®«±©7C^. i©®^5) 
^*PL,TS@S-lf, sitBli*isiSWH»«:X»^J?IPa<t 

[0040] c©gi ©^ri*r-«. bush^^©@@k 

o ny^isUct tMK&c «t o gas 4 . £ < ©8? 
m-rems©ffli. 9[»«*«rmr&*a©^^6*>aMB 

z. 

[004 1 ] SB#©^©tfffflJ$Btt-5£Tttfc<,>. 

«^isia{t^!Bi©ffl*ja»i«:ig ar o £ /ciasi©^*i 

^fJ©^fflA«CtB (C©tg*5Sitli©^B^<i:*SCifc* 

<0ftO'fK:.^ftLfcfflWW)*A**f»6ft*. t,»rft^# 
©tffCd>ft< i feS$MW:taHSftfc££il»5 C i*« 
[0042] MMURHKi:. aBttitt4sid«H»*X 
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[0043] ®@jis*iioo -c/#*?s-c*s«t. *fm 

fet±T&S. &BiI£©±|Sg«fWl!BS*T.&^#. Ugffl 
[0044] ig@jlg*#l00 *C/#W±K:ja 2><£ 

©££*if# ens. ^n^n©ga^ffifc-Do>r. jsstt 

[0 04 5] T Xmt. iJXT\--?4XmtWLW 

[ 0 0 4 6 ] m 1 (a) tf#;*T h WX&©§|g£8|5£ 
tfit,c?jkLtcmMm-C$>K>. 01 (b)«-5-©^X.rt/S|S©i£ 

gfiSilgK:— ssf«t>e>*rr. ^«i2^u-cr 

[0 04 7] 01 (b) (C7iVr«fc5(C. * 111*9 -C«, 

■So T H-7-fX/7^i3b *, #*{»M&2i5l5J: 9 
m^^orvxjuiafctttjl&u i7<bbr^-r<fc^«: > 
^XJUi3«C&W6ftfc?L*fcttxy y bl3afr*E>, ?iST 

7 h WX*>*ii©T^<fc9l&;£<K*fiiSS (0 
[0048] #*7 I- W Xj£-e£j$0/cf&*©t4a 
< < PBffl#*©x*^+'- 

f r -*»|BI-'C*n«. m{4B#ffl^fc 13 <D®W,<Dffi-F&& 

'pttmza&jticonmM^ < t £ z><Di3imm.~c$>z>. ?g 
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[ 0 0 4 9 ] El 2 tt. #D ~*fi&&©&a<D*l«fl(3 

(c&ars. ?s/»22<ca. «»««u»t3 

-;l'21©$1-JiSI$'Na<-fc&{C. JggBKSOf^ 
X;I/23A»R8S*rCI,>S. iOfw >i'ayXA23©?L 

l>. ?&&*>-r-f v->a22©flJt*fc, «K. RMK9H 

[0050] .m^o-;u2itt. Kmwwmmvwsm. 
cnfcpg4ci)i<. «fflgwtcfa-o/c^>©-c*n«# 

[005 1 ] *»a-*2lB5Wl25©3En«UCliIKS*r 

*j<„ a— jmiE^(DO-;l^|-^©iljDK©fS(iS'»© 
i^fflt^hn^^, jiSi xuor J -6 xio* m/fj>© 

£ft-54>©-Cti&l,>#> iLSl00~600 nutDfeOtfttR 

400~ 600mm . a — ;L»jgjI6 Xi<r l ~1.3 Xitf m/Qifi 

[0052] it^S^^'?^ ^^^22tC»6b6i^/c?§S?: 
30 * >t=-< »t/»-/X;i'23*/r-L"CSii*n-^2i©i1-jaSP 

[0053] s^>t©aHiift*s6«aiT4*ffi«. 

«. H?^a-;i/2i©laII6IS^»*>f r ^ ?->*23#> 

e>^a-ju2i^a<#(4NFraafc«3©^®©a i &gas 

40 -rS*S635«*4. ttjit>%, ®$£m&.i±Z< bit*), 

[0054] m ztitc&ftmt-mticmfriwmicm^ 
©r, attfl^sctm^A cw. #-*5A\ 

[ 0 0 5 5 ] 0 3 (a) |51i£mgz£©0d£ l/t. V 

so ?XvBK«fl^<cJ:&^mB©ira«^r. c© 



u 

(iii^gf ftUSS 39tc <fc 9 ia 1 ~io- 1 tor r*lJgKi£ff 8 
n-ct,>4. ^S32i?«i€mS334^L-cESb. -en 

C0Tvtf-T) KJIifiU [HPti-C£4<fc^K:-f 4. 
[0056] *]Si32©1ij§©W;»:. 03 Cb) ttCmTti: 5 

fltessna. ^n-en*<^si*324 -c*$fii-ct4J:5tc 

Ltfc<. 7'7X-7T-i'mcD^:f£tt*'^323 10 

*-r>S?©^ffiSP322 ttnatt^-f J:5{tt&teU wmffi 
KfCfPffl 3 -tt/cBEE 30V ©®§-CiSi&©^^ X-7 7 - * 

34*j^l. ?i^siS33^^E-r 4*m*»8?3 -a- 4„ 

[0057] C©W. W^®32, 33*-?-n-e4a<D|g«l|A 

35, 36tejr^-entc»ite5n/<:jifiajESij^a cia^-tf 

f$t(*fI*©{i§£i4Ci#5T?£. il^{2l000~-5000 rpm 
SJKt , *)S/^. 20,000 rpm©&©k£>4,, 
[0058] *B«m&33». WMitb Ji 5 iTSt*?* 
CEP%. Si+ffi©7c5&) T?ttJi3ST4. M*4*±iS©«fc5 20 

©ffifci^Ciaif^, H&30-50 mm ©fc©*;BI,i4 
Ci*!?!,**!, itSl20 mmUS© i><Di>& 4. 
[0059] ^&33», ±IB©J:5fE§££l,fc:/7Xv 
7~*34KcfcD5^*>e>JlB;X?§Jt?;*ft. ^-©@i|fcK:{*o 

tEgfSL-c. ftfeSHc. m^ttc*. vst&btdi&mz 

**>^-3i©T^£9*E|J;£ftK:i&9dJ;*tv l&^JR 
[0060] t&^<D«iS«. LT^ffi33©[5]$K&*J 30 

s < l j: 5 if sttet*. i*6533©[Bitee'=&^:# < -rn 

XvT-^ffl^li. Ar*fcttHe£ffll,>4e:<!:#^. 
[006 11 *1 ©^ftKSe-j-CftJ&WiffiCC J: 
Sn/c^a, Ni-Si-££:£We<t4i, Siffl&i. £ 
JRIHNt&tt Ni si, tBfc <fc tfNiSif B i ^ fcttSKcft 
4. COWCB, 3tao^f]gfc!g|ljgS*Sigt»si*I^ 

BK, ffitBiSifBi©J5lc«-CNiSi, ^HfcH^., -£© 40 

■tiTfcSeJB^fe&iR*. E4 5Ct. NiSi«*B42-C 

SBSftfcSifi^OflSCNiS^ + NiSi) fB4ia>6ft4v h 

[0062] fi^RSra. tffttiLfci©mWt'& 
4©r. *fi£Lfc^*©SitB&W. ¥^&S^ai^25 
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£ft B - *ffi"t? te¥-i$)mm&10u m «T i ft 4 C i 

4. si«^5c*©«BKJ:oTtt. #lsrsHb£ 
ttOftb <5 le. fc«fc of/4 fctt£l3HHb£& i-tttc . 
si £#WiT4B&#*i*EJ£-f 4 Ci&* 4. t»rti©» 
£4>. S$«**>»@fiK©<K^tB*i > fMaftJgJM&*> 
h « v *xtl&ft D. *©4>K:sitB&# 

??a-T4. 

[00 6 3 3 ft?MBBK J: O^fiRbte^SifiaitcjBi; 
rf&S&LT. ¥^eS^o.i MmJ&lh, 50|/mfcTr"©£ 

EMESK£r6. ifiaKfctMJfSKcJ:*). ff&ftfc** 
[0064] JMMHItt««ll UTMjgb/c^a^ 

Sf©«S*m©»{b%B5±r4/cJ& 1 *^*/c»^ffi 
tt#^Ha*it»oA:#K4fctt»HflWt?ff 9 C i*s» 

[0065] SH^4«fiXlT 4si^W^ 

)5ra{b£&afctt@fc#©BtBiaia£J: 5 uo-caEUifSi* 
fig-C?T^„ fete. c©^H*t*«fiSf 4ffi*s. H4(c 
^•T«J:^fC2fei±*4it^K:«. «36«|M,»^W8csi*W 
*IWIlMb#«lX(*H*#©fflC*K«c*B«. 

s*>^.*ij^r#4 : 04©«^{*i*isi, ffl) ©stasia 

SJ:Dio'CfeLhffiai-r4. »*L/l>J»«iSiaeB. tt 

[0066] ccja^atj. .-fe^s*©»?S(cjniA-c. 

fc^tC««!!S%S6 1/ fci©^©StB©iE< tOttM**® 

[0067] ^^©MBOSPi-Cl*, (MiSi, + Nisi) 
ti*»€>J5c4 v h •; v d'^4ltt>©NiSi*«> SLt^Siffi40©^ 
H©NiSi a ♦H42rt>&S1©l£*& : £3lt ! *T. MiSi, ^egST 
4. — Nisi, ffl42(*. C©ft*&«:<fc«3^Sf 4si 

ffi«T4siffl40*>6,mf3iitf. ^©*£m. Siffl40« 
ltmLX¥-%m.fflfi>b$<ti:Z. CNiSi^ + NiSi) ^41* 
©NiSi^-CNiSi, iCtmiyfcmt. ^St^tt^ h U 
^^©NiSi, «i«fi-r4tt«5l««©2ffi*»6JSc* 
£#£&4„ $e»(C^a?rJ^lt4<f:. ib^WteS©^ 
#feSitBltffi^ tb«Hfl«HttS©/JN3 fesifBtZHMtr 4 
t^h9JV HfiSSfc «fc 0 . sitB©¥^SiS(±^:§ < ft 

[0068] »Mffl«. !»Mffla©SitB&40©ipiSaS 
*S40wm*fiiftl>«fc ^ Kgaset/fc^frrtf i**» 
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<t0 4>S< ft -Si. aT<Dsm%L<D$Lm&j:Z<f3:')-r 

tie«, Mi$mfrtfittititmm$tim>fiK 300 -cw 
±a<s* u < . 500 *cfei±#;* p.(c»s ti». mm<o 

10 

[0069] &*SffifC «fc t> . Siffl&©¥i9&&»5*# < 

ft*— ^^©sitaaosstt^aSfcttBT-r 

5. Cfttiiio&U/cNiSiA^NiSi, ^.©&&K:sitB©Si 

[0 070] t^Biifc: <fc «3 *3«B©:ftS*m*Sli£ 

&cft.£©t\ ^4>©s##8S??LTi»T:fc. f&aasfti, 20 
•cif- a ? tznmtmm *>tx * c t mm 

b&iiitinmttnzMm-zc tan?**. 

[007 1 ] (tJj*^S2 )Si^SX»Siffl?r^tf^A^ 
£ft£t&;f; cfetTv S1fBt&5fc±I.O) ©*®«C. Sii@ 

tmu& J; o io-c«±®(, va^-c^s*tf ^ . ip*> . 

^#nT©SitIia£ft8{U ^JUBScSBttSrtt^i 30 
[0 0 7 2] C©Sjt 2 ©;££-?«:. S^mtC^O, Si*B 

^*cDSi*s##@«:Si;«jL-C. tf#@©ttf4#si^fi- 

mmw^.u^.mmt^mcmi o . 7©si*B&#si^ 

r^#j emc#*ft-5>„ ©;£#si£Jg5!pi=>ft-2>i§^K: 
[007 3] Sitlf&*«. Si^SOtS^-CfeJ:!,^. Si 40 

ta#ffiaiLTt>fttfsi^©©3re&^Tfci(,>. c© 

<fc 5 &££©#!<!: Lftt. c:*iK:Rg6ftftl,>* s . Ni-Si 

[0074] Sif!t93f;©Bl#«. 8&»«#fti,>JBtfcW# 
£b<. $6Kg$AS/^ttS©it^3JWT©»^K-C 

-{eft 9 SUEM#-C&*><!:. SfcfjMt L«c<l>U 

tt»JB©JS<*#«3— «C&9 W»s?.TWfiJ'C&S. Si 
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^JTifeS. *t-*>, «t3»©ia*#(§e>ns#*7 h 

[007 5] Siffff&*«. ^©^-CiS^Lfcii^-C 

&S#40um£iflx.-5£. :n7©SitB&#**<ft f 3. 
iSHtcjesS1-2>#^HI{t^gJ©}Sim*^# &C < < ft «J . 

#-C#K< <ft£ 0 

[0076] SitBf»3fE«. 6ft £i&g«ft 

»t*ot«xtl». |&^©i{iS^i0ym«T-e*iJ: 
5 ftS&t&3|c©tg^ -£©$ * a®KBi)f2#SJa$:^R£-r 

t»*©a«c^Lr#«is©5^©As5)Siii^*i* 

<ft>3$?*L<ft(.>„ -&©<*: 5 fti§^. fRtfcfrfcW&tt 

Ki«EiS L/ -cmsm-if? * c i -c^b©7c^©w^«» 

[0077] Sitm3i<DimiC> SitSmrSitSVlXlii. 

mmw^BfSut z> ci*i-c*4ia3ifcB2 a»u±©7c 

« («T. ®2©7clSiC^) *^t?tm©t8?:^$ 
tS-S. C©ff§@lt. ^i2©7c#tW{CSi^WL/'rc» 
■C*>«fc<. ^fcSii^ra^^Xtta^^fiSO/j: 
^te©7C^fc'J>fi-C;b*ltJ^rL5S. m2©7n5g©fT 

M7P-{>yg cM*ft) it^o/cigjs^ft©^^ 
[0078] m2<D7£mfrhuz>ttmmv>mz\io.Q5~~ 

10MmffS* s S^L/l». O.OSMm*?®©^^ WSB 

©jit**vjN$ < & *) , Li=&esiS • scta-r s^©fts 

SMtK«WSflWW**&»K: < < ft o . ss©-^-^ 
^*s<STT-S. ■WSfHO^^lO/im^M^.Si. ftffi 
S ! B5»t , 4>SSi'ffi&©fi*s*B^e«JK:iJ>ft<ft»3. mS© 
^S*t/hS<ft5. 

[0079] ttSS©0Jj£ft© "5 ^. ^ f *ft"Ctt. « 

^-r^citt^ft^fls^ffl-rs©-^ nmmjy+m 

2©7C^<bLT«. Ni. Co. Pd. Cu. Aq. Au. Ft. Pb. 
Rh. *s<fc^Ru*^lf6<iS. SitB»*©«®*^b^# 

d. Sn5¥©^i.+«jSfO*fflt^C<f:«>^^f +©« 

[ o o 8 o ] tf^Ji %«ifi£-r 2 ©tc^*^ + l ic 

< t»7C^-C*-St&^«. M«ffi{CJ;-3-C^f2©7C^ ; 5rSifi 
t»*Kttigf;*i**C -2>. M»S}*. Sit&ta*<t^ 

2©tE^©I&* (Si+Bffi^ilDliW^SE-C^Sr^i) 
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[0081] w&fcm^z&2<D7im(D'ii&3i(o¥-*mm 

ffiJCtt^LfcMi 2 ©7cft©JS©J?;*#10u m£jffi;t£"5J 

tusk*** d . s-\m<Dmic*i-rz>m2<D7iM<Dmoy8i-&i> i 
Jiflno-csfsu Jg2©7cf&©*&*©¥^*4@© 

fSi, T^S#UDia±r*4ci*ijif*t/i» 0 io 

S-i*BS|»*<D»£:*t L- X% 2 ©tcS©©*O#«S«10~ 

[o 082] MAiSte<fc9tf;»Jl*«r*t§£. S&2© 

TCISOtS^dC. (R ffr2©7t£l©f&*© 0.1-5 

J?*0<tt 0.5-211°/.) (D-fe^S *i7f&3£ 
fciM^LT -te5 5 v W*ti. Sic . 

SijN, . TiC. TIB,. A1,Q,^©1«*>L.< «28JJLh 

[0 08 3hft«g©^«^rffi<!:b-CK, ftfiK:. S??2© 

te^©^**. f^ia©f^Ma-ci^*-c#*^^>y 

WrS^ffi. ^2©7C^©gB9«J?:SitB«&*K:^l4-r& 
[0084] ±asL.fc«t ^ &ii^ft;fr&-esitlt&*©«i 

EKf&2©7^©tt«Jl£0l?)EL:fc&, MMOI«ttrr. 
C©ife*aar3fe-r-5.J£t5tJB^cJ:»3. ##B«:sitBt&^ 30 
#©Si#!£ffcL-C. Si#ttgS©7&Sj<!:{b£7r*a\ ft 

•is^Kgjg-r-s. *<Dt£m> Witt, si$WH«<* 

[0085] mi*. Sita*95f5©«®«CNi©^«^ 

^BSK^fc-TS. *©S^. SitB*i©JSH**'§lHtt<!:fr 
SNiSi, rar^H3ttfc£#*HHCfc*. 40 
[0086] C<DfoWl(Dtc&<Dmim<DUmi, fEffcK 

Kr < & c » 5 6 » . ataxias <t •? itfc«±fit »« 

7cig<Dfcffc£¥#>£ i <<> 5 C t KSfilt 500 'CtLtT 
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[0087] stfm^zmizs.ftmmzsvxm&utc 

[0088] gg©Sl 

A) *^^tc^isitHfii?:Si^fflj§<*X« 

[0089] mtf, ±ta©m 1 £fc«3t 2 ©#&«:!£ 
■or«jtL/fc*^©fi®tm©«9*«:, jS^*f4©»J 

[0 090] S^Uio-ctt. fvdf (tf-;? *<btr^y 

rfAl?©^*?§14©»»i cflU ®rfe©^*ti»?S«:ffi 
ffl-r?.f§J«K:^^tt©fc©). atmccMCC*^*^^ 
^Hr;H3-^) , FVA(#'; tr^^TJUn-^) ^©* 

•c. nmp (N-^^jvt'a <; F>) . DMFCv'^ g=-Jb!^-»UA 

[009 1 ] ^SI9i Ltu. (W. 

M£8) *JJ:0*2feS («. Ni) ©omtfieffl 

^©jira^Li-f^^^fua-r^ci^-c^so-c. 
[0092] fimic&tmttttztii&-t *mnc 

wt%«T©S-r-^M*4=&ffiffl^^»C i*J»*Ll». c 
©M# 5 wt^^-Ctt+^-^^Stt^^-T S C £#-C 

SL/l^SB^Sti20wt%«±. 50wt%teTF-e*a. 
[0 0 93] fe*J. C©^S©^i tr. _hfE©ISiS 
^ffi 2 tcS£ X Siffl^tC W@ *J^E£ b fc«. 
ift')m<Dffi3i*m^-c. ±ia©J;^«cx7U-^bb. 

ttitT. ^u»l*«g©a-^HBSm«:. ^«iS4?f-o 

^©tBA^^iSHtt^m-r*. en^. SiJi#ii2 
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[0094] m&x&By&mwimzftfcmM'Mr.'Z 
mmm-Mimomvm&jrm-ete, sum*** ttmmo 

jomicttL. *<D&-cm2o>7zM (si t&mmt&my~ 

ttH^^^-rSCij&s-Ct-S l@£fc«2SJiLt© 
[0 0 9 5] IP'S. C©#&-C«» Sitlifi&5fc£. ±MZt 

K.StimW.<om*fcfS<?Z>. -e©f*. Si*I«j3fcB«:Jii2 
©7GSg&&i?tm©Jl*tf»;*tfS. C©*S£\ 

S v *3n/clf!2<D7C3£W:. Si*fflft5f;Jf ©ilEft: 
W"Cfc< SifBt9^©RiraKA>3iA^. SitBf9;£©^ffi£ 

[0 0 9 6 ] jt "j^mcf&PBMZft'jt. * ?*«:J:0 20 

\*si-%mmm&xtt£!gm it&woxmmt u sites 

<^2©^©tt#Jg£«r*;fr&) TgiBjbfc^ 

[009 7] Sifl^S(D/PS W40u m«T*iSf £ 0 
t». 4D(iiD*iiai, Li£©j® •«tHJt--&K*©Siti& 
cDftg^ttCcfc Sfitf3Hb£l»ifc-C#ft <^SCi*sab 30 
S. «#B©J?$lJo.05wmJW±, ioum«T*W*0 
l>. O.i a mi¥:ffi-etesm%L*$>sti-r Z%SMk&/h$ < , 
* tcion m -S i . SitB©S#*I*tt<JCC4>& 
r Li4!»« - mm-t^M^fj: < Sifflt&3fti# 

ilo*rB. ass© jps Ht^rossasRE 
-rs^ti. sita^gso*w#)i©^'&-?-n-eii3£ 

i££ £ £ «fc 5 JCT £ C i nJtrc**. 

[0098] mwM^icsitmttmizu-cfrzttm 

[009 9] IMc^fglg— ^jfe 
±fB©J: i 5KL.-CS!ijS$nfc©S?:fflt,>-r > 

^ -5 a ^ >-^*rfer$> 9 . *^5c^*mSt*if4*J 
? a ^so-^siiciiwsfte^y 1 
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mm-xnmc i>mmx-z 

[0100] #*mS¥W-^mrfett. S#fiSi££ l-c. 
SS. iE«. te.nu-*-. #7K£©mB?»£^A<-c<,> 
■5. ftS«iJe©«fc^«:*^«Cfif-p-C^jgL/ct©=Sr 
f&BTS**. f&©jEffi. teHU-*-. ^A?St<:t. se* 

[0101] «;^^A>f*>-^®ft©iEStt. u^w 
s^#ji{k^)*ffi^M«t-r-5 bourn* ot». u^w 

jg&#J3Ht£^©0M* v LiMi.xM'.Ob Sfcli LiMi.M', 

acss*. ogx, Ysi, MtM'U^n^nBa. co. n 

i. Mn, Cr. Ti, V, Fe, Zm AT, In. Sn. Sc. Y<D'J> 

!gj ; ^.^^{t«»ii±o--e-©Li{b^J : 

[0102] iESfe. ±xEL/fcmS«^©S^ffiA<b 
Pfllfc. ^^©iES^^^J^^tciED-C^m 

Sil.O*ftTi5ig-C^5 0 iESl5m©^^eStt 1 - 
30w m©l3Hrt*J»S Ol^o iEeffl©^*^^ 0r«PV 

0F*s«fcii)fprFE*ssf*L.<, mnMimmttmw t l 
[0103] >j 3-^ A-c^^-^sirfe©^^*. — jss 
#*3&mJ5?S-c4>s. >J^^AS:<i:l,r«. mtl Li 

CI a, LiBF, , LiAlCI, , LiPF 6 , LiAsF, , LiSbF, , LiB(C 
6 H S ), LiCFjSQ , LiOtSQ, ,Li (CF, SQ, ), N, LiQF.SOb, 
Li (CFj S0j )j , LiCT, LiBr, Lil, LiSCN, {gSHIIft^ 

^^KU^^A^W^Sn. 1S4>L<«2^±?: 

[0104] mffi&mt l/TB. 

* v. yx^utf-sF*- h^i-©ait»e 
^Kx^^^Si^^-rspSKx^^s ; ^K^? 

^> StKx^il,. ^cif^->K>?--'l'*i"©BiKSj*^ 

>S : h+^x$>^©atttx-f-;l/® ; f h 

5k KP7 5>*?©i8tKx----?-Ji/S: -e©fife^^;u^ 

^;v*7>S^©#«©#^o h >tt^«© 1 mh b < 
»2««±*ffiffl-C#S. S?£LA>&ig«£g!xXx.iU 
i©S^. *sJ:y : c:n(c$6«:BlS»B5*Ji'!l<>Kx^ 
f-Jl/^r^U/c^T^S. tfr-4>x^u>*-**^- h 

[0105] ?gji*©3a#s»»©rga«#tc$ijsg$n 
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ilStt 0.2-2MCII, 0.5-1.5 M© 

matm*. t^>. 

[0106] #*HI!?ft«:. tttt (&i!K) -Cttfc < - @ 

mmmtemmmiciz, uomm. ^vyxm. mm 

KSfr<fc*aift]6;»VTl>£. tfJ-Cfe. Li,SiO,, Li< Si0< — L 
il-LiCH, xLi 3 FQ,-( 1 .«>Li,SiO,. Li,SiSj, Li,P0,-Lij 

s-sis,, m<tv><t£im*m%s-c&2>. mmm&nm 

[o i o 7 3 #*m8? j mcw:, ^j^<8t££3t#-r £@ 
tor. fl^b^^wr-sci**-?^. *»*>*ft* 

tyy>, ^ty>ih'J75 K, ^H3<>t'>i 20 

^ W > ^ y a - )ll> T fl * ;V x - fvHt^WS 3 ti £ . 
[0 108] ^U-^tt, iEffiifiSi^mmffKO&g 
ttTStttUte UT©83d£*fc-f ffe» ^«RK(Dfi! 

[0109] mmwmffl&tmx.&.zmm.ox. t^v 3 o 

*stf>*igjIb&t,>J:5K:o.01~l ummS^tfftV^. -te 
/>*U-^CD/1^»— flSiCWl0~300 »imggT*5. •£ 
<D^?L^lijiS«3O-80%<D®H*55f $ 
[0 110] V* ^AZ^CWfcOiatLt:. 

^S£H±. -tzv^U-^CD^y -?-tcfc[5H§©#MOiJ!S«ig 

m7&£#)£bfc*>©#*6. c 40 
U > £ ©ft fi£f*#Ji? * b l>„ 

[oiin ^Ttc^tt^cwttioj^tttccwissn 
r. RigfM. pirn. =u>§n> #$>m. is-h$t. m 

kk. nmesw. >w:/y * 

*s*«:fflt,»sci*5rtr4. so 
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[0112] ^fe^fc^SfcBM^S/cti^^tcff-S 

JiwtracwiM*. ©MtsBjs cL-i«jaant) jwmesjs 

«©*«,»S1«rc**fc«>. H5S*7?*.2, 0 Sfc, SifSft 
©JSB£ SiSWHS»X»^JSIffl{b^«J©tB-CSIB 0 
T. si^*<*8«<fcK»LT»*fS«:£{cJ:*). Si 
if • ttWIOfMBEfW 

[0113] 

[0114] <iunafc>ttKr&ft&tttt*. 

©iowt%85jjnu $e«:jSSS©N-y ^ii/troy k>* 
l^eiowtWflqLTtfy:? »^tf-yf 

fc. C©«£*K. *«t»£0-C«Stttm (TH2^U> 

^•^) c©s^$!©iowt%©s-cjjnjt. 

SttOifc— ft* 9 'J -*fBAtsfc. 

[0 1 15] C©*7 y-*30MmJS(DWI?ffi?SCC&ffi 
U KMS-ii. o-*EEHUrraWb3*fc«. OS13 

ran <D^ft3®d«>^«MC»-CfT«ttftb. 

0 (im"C<b-3fc, 

[0116] ±I3ft«B©#S-C©tt*l%. *W, 
lCL1&ll*Jll»fc. «,»*>«> S 3 **-te^*«(r>rfHBU 

+x^>©i : im&mm<pic. 3St^M©LiPF, * 

\,\ 9»x<DJ:9fc. ^rSf4#H^*«fiF-c 

#S«B*ffl«.»-c, #ffl^©S.#.* 1 -70-ciig-rab*^ 

[0 1 1 7] 4 "J*. VKtfSH Cio«Fl8|-CSS3(5*«:asJ: 
r-#JlS©m{si«cStl/-rftffi©mfi[di ovfc 
& S * t?^«*ff I > . K 0 «ijgfi!-C#MS©Sf4*sfiffi 
©^{4K>FtLT 2VK:&.££-CfiStm£?To-C > C©f^© 

L. 300 -y-f *;uB©;6&flI§fi*«0£o-c ^*>6-y 
-f^^*^4itStL/fc 0 -y^i-^«#^so%^±-c*S 

[0 118] •y-f'i'JL'gHrKSO = (300t^«'@©SC®Sfi 
/HWifflWl) xioo 
<ILl-y-f?^g©Jt$r®l?:B<!:«. ^10g©5tm?:?f 
l,\ ^t-^Mt/fci ^©ftSSi^f ^. S/c. 300 

y -i i? >\>m<Di&w&s.t\z^ 300 ^©Tcm^m*. st 
m i> tc t * ©ssc^a?ri- ^ . 
[0 1 19] ±f2©^jS*z£Btcse-,rK^3n 
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[0 1 203 

[012D arr. &?f&(D®mim. <mmm>mtm 

S) &Al-4wt%Cu££€:/BI,>-C8!!5Ebft:. 

[01223 mmm&omiE. 

(.mu-~}UM.^mM^20 am <Dfc&$L*&mm-C, 10 m 
00 rpmCDiafe&g-rllJ&ttt. -e<DifJigiSftAI- 4wt% 
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[0123] (*'X7 hv-f XS)40 kq/cm' ©E;*J©Ar 

[0124] Cl]&S«&)Al- 4iNt%Qj£±®mffl$M 
©^3A*(Cj: , JitS20 mm ©mS*{f»U Ctl%T S 
10 - KWKcg«L-C500 rpm Olalfteaig-ClHlfeS-a-C. g 

[0125] i\M<Otcihic. HS-CMfsfiSS* 
^^igB 3 •£*:*>©<>. ±iaif«I*£©;fr&-cigBit 
« 1 (c«g^^-r 0 

[0 126] 
[SU3 











10 3 ~ 10 s 






10 3 ~ 10 s 


m±. 




10 2 


m± 


4 iszly 


30 


ami 



[0 1 2 73 *l^e.fc^S«fc i 5{c, mv-*&3%&. 

ioo •c/mxtt.m§wm~ci> : bo ^o-;bs 

< t> ft. — ^3"-; F ffi<D®B»g« 30-C/ 
100 "C/f£J: <3 < ft r> /c„ 

[0 1 2 83 a@MM©MM 
f4£ L.r©u©^c« • Scmitttfcm-^SBjiffi 
[ 0 1 2 9 3 Ni : 48wt%. Si : 52vrt%©«lt£i»^-«:&5 

ttii/tffifflt/fc. mummmicit. ccD-s&m 40 

^*BS20imi©^(Ci|jA^f#fc«S4«Kt* <t Or 

[01303 §?%*p^a-cff ^n/c^a^j©-gi5{cot> 



fc„ Ni-52wt%Si££©&B*KffifflLT^iB1*£fltli!i; 
"f ■SBjffctt* 1 * S Ni - Si^HKIft^!©^^ 6©{iNi 
Si, r*0. CCDNiSi, ©affi^iiS{i993 *CT*S. 

[0131] #*ffi-C^6nfc^^L^©^SIL-fc« 

•J f i'.X^NiSi, ft-C&K), -eo^ccNisita-caHs 
fx. g/tte^3ftrt»&^SitB&#?^TSffil&£W 

jRi/fcioo ®©¥^ifii) tckow^fctt**. ft®t*& 

[0 132] 
{*2] 



(13) 
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jR*aa(900X:x 4hr) 










(JO 






(X) 










p.m 








wt% 






750 


90 


7 


6 


950 


88 


i 


10 






750 


90 


12 


6 


950 


89 


i 


10 


ra± 




760 


80 


22 


6 


950 


81 


2 


10 






740 


68 


52 


6 


950 


48 


51 


10 





[0133] xmHcte^-c. mmm& ioo-c/#w± 

"C fe SitBtt©^tlS*52 5 y m«T i JSC 0 tcOXCM U , 

/c. Jtttttrtt. siffl*4©¥*J&&©:Zf#££*a 
^©¥^&&<fct>-r-><!:*#t,>©-c. SHtft , :£<'SB 

[0134] mffisCSICD*S*=&a-5.<b. fl@©lft@gfi 
r . Siffitt©¥*H4« #40 umJz*)'t\% i 



[0135] &^#£«§@g£tti*J:b&-f.&£ > & 
a&gfCfc f) SifB©¥*J«A&«*£ < ft si^© 

fijt35©*s taigas ***©:*>#> jsc^ga^^c d « 

-»M *>H*M*. JS@StM-c«. sitae© 
[0136] 

[H*fe{?4 2 ] Ni - 52wt%Si^*fflC»r^ifeW 1 fCSEtS 
LTlM»m*fWOfc. #6.ti/c^S1sf^©Sita 

e©¥^ef$*>-=fc^ft«iis®^^*. mmmtt-& 

[0137] 



C«3] 





mm* 

(mAh/cc) 




%m (.fin) 




900 


750 


90 


12 




800 


745 


90 


8 




700 


745 


90 


3 


HLh 


600 


740 


92 


2 


m± 




950 


89 


1 


m± 


985 


750 


69 


53 


mm 



[oi38] m3icmTj;'>ic> mmmu&&> m-52 
vrt^si^w^Sffccfejjc-rs^s^^ira^t^-c* 

SwiSi, ©Hta^SS©993 U0ltfC6U:iSl>*»H 
fllrtt^ Sifaew^eS^OMmJWTKtt-^O^ -y 

©Hta^asj: 0 8 ■c&^^m-cmmmLtctmm-c 

um>kM%.tctcSb. &mg.fc*W it? #{c< 



[0139] 

JtCCL/T, JHip4©Ni - Si^©«RE(Si©wt%-CjS-r) 

?sw*^M.Lr (9oo x,* 4mr$<D8ki>m*$m. Rtf 
mob* 10 ft«tm*f«R03fc. »eti/cftsw© 

[0140] 
[«4] 



50 



(14) 
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sis 


mam 
mm 


(<rt!S) 


(mAh/cc) 


tflft 


(wo.) 




52 


*r 


6 


750 


90 


12 




as 


10 


950 


87 


1.0 


54 




10 


820 


88 


13 




as 


17 


1035 


84 


1.5 


56 




14 


950 


83 


12 




as 


18.2 


1200 


80 


2.0 


58 


* 


18 


1180 


81 


12 




ft 


22 


1495 


80 


2.3 




450 


80 







[0141] t4KStJ;^K. 8«&gflJ§©*r$S«:;i>> * [«S0J4 ] 1 {ClS^L/c^T \-?-{X&tm 



A^6-rsitB&©A«)-2>SSJt*s^:# < "Oft 



nr&fnw<*«. piDsis-c&n«, mhos* 

[0 142] 5 



[0143] 
[«5] 





JKi«ia(850 , Cx 8hr) 










(%) 




at* 


00 




®% 




&m 


#m 


vt% 






wtW 




Ni-52Si 


750 


90 


12 


6 


950 


89 


1 


10 




Ni-5Fe-52Si 


755 


92 


12 


6 


955 


90 


2 


10 


BLh 


Ni-5Co-52Si 


750 


94 


12 


6 


950 


93 


3 


10 




Ni-5Mn-52Si 


740 


91 


10 


6 


940 


91 


2 


10 


|H)± 


Ni-5Cr-52Si 


740 


93 


11 


6 


940 


90 


1 


10 


!°]± 


Ni-5Cu-S2Si 


750 


92 


12 


6 


| 950 


94 


1 


10 





[0144] ^5tC*Jli-C. Ni-5Fe-52Si«43 

JSIBHt^ODNi Si, *5 «fc tfNiSi ip©Ni©— 3$;&g& b T 
S^fOTt,^. Co. Mn. Cr. Cufc. FetlH^Kt^Urr 

[ o 1 4 5 ] m 5 tc^-r <£ ^ wna^ttr* 

T&SitB<DSSJ:tK:Ji^fcS^g£^L/. ?)i> 



[0146] 

[xjmvs ] fmmi K.tmhtcfix-7 t-^-ixmtm 

50 fiOTO/cM^^CDffl^ -e©-7c£& 
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4r 


H 

1 


J-l 








JJ 


JJ 


j i 

E 


El 


ED* 


1 1 

a 


1 1 


1 1 






oo 




oo 


oo 




T— 1 

OS 


oo 

OO 


to 

OO 


OO 


OO 


t— 

oo 


oo 


oo 




































cd 

CO 
CO 


cd 

cd 

1—1 


LO 
05 


CD 

oo 


CD 
Cfc 
o> 


CD 

ss 


CD 


CD 

to 
c— 


CD 

to 
c— 


CD 

oo 


CD 
t— 
CO 


CD 

to 

CD 
r-H 


CD 
CM 
OO 
































if 1 




























8 


CO 


CM 


T— 1 


CM 


CO 


CO 


CO 


CM 


CM 


CO 


CO 


CM 


CO 




•HN V 


































od 


CD 

o* 


o> 
oo 


CO 

oo 


c— 
oo 


CO 

oo 




$ 


oo 


s 


3 


s 




H ^ 






























fc— 
t— 


oo 
a* 
oo 


o 

t— 


CVJ 

o> 

CO 


s 

CO 


CD 

cm 

CO 


CO 
t~I 
C— 


oo 

lO 


to 
oo 
to 


oo 
c— 
to 


OS 

■V 


to 

CO 

oo 


CM 
CO 


























































































1 


eo 


t— 1 


CM 


c— 


oo 


CO 


to 


CO 




i-H 


CD 




CO 






CZ3 

en 


cd 
co 

OS 


cd 

CD 

cb 


cd 
cd 


CD 

o 

CM 


o 
o 

T-H 


CD 
OO 
CM 


CD 
CD 
*— i 


s 


s 


s 

CO 


CD 
CD 


CD 

CO 
t— 1 
















•- 


















Si 


1 




CO 

as 








£ 


<a 


1 


i 


1 


8 






i«p 


CD 
OS 


cd 

CO 
CD 


CO 
OS 

os 


c— 

CO 

as 


OS 
UD 
CM 


s 

T— ( 


o 

CO 

CO 


CM 
l—l 
CM 


OD 
1 


CD 
CD 
CM 


CM 
CD 
CO 


to 

CD 
CO 


CO 






t-H 






*— 1 


T— 1 


T-H 




rH 


< 


T— ( 


r- 1 






83 
<g 
<S 


83 

LTD 

as 


I 

Lb 


SS 

CO 

5 


£8 


£ 




| 


8 

s 


g 
3 


S 


88 



CO 
r 

H 

OS 

to 

•rH 



K> 
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Q 
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CO 



[0148] me ictritmq . si£&mmit&faxi*m 

[0149] 
-7«:il3SSU/c 0 



[0150] (l) T*=f>#^T h-7^X?i£tCj:t)f#6 



(16) 

29 

X\ im&m&a. C©@filg^J:9l0Wi:<&*>-? 
tc. 

[o 1 5 i ] (2) ij->^jh tmmcrtzr k-v-yxs 

*ttS!L p-5)t£.<i:Zw&-Cvttm!!!m-?2>c 
¥i*J&&l Mm©Nit&3fc£ft»i*#. *>^HiH« 
©J&JBM&tToT. ¥^&32um©-£3&&^S:f§;fc„ 
Si&jfcD^ffifc'SB-f 1 um©NiSi, 

[0 1 5 2 ] C3) t^T^H i|S)«k:**^T 10 

rfPMofc. •ft^ja^^msib-CNi : si =20: 8o©^£ 

<t^ffl=&tSLfc. ¥*3&&#32ym-C, SifB©"? bl> 

'SKTSiftl urn/PS ©NiSi, H*^fiSSnrt»fc. C 

[0 15 3] (4) &PUMCit/X7 \-?4Xm 

(7 'J ^ ^*ttS{P-5)«CJ: 0 . 1 MmCDNiia 20 

Jfct l c%&t&iWm<D¥-%) : ®M0.6 ymcDTiC t&*£ lwt% 

Sit&;fc©*®&C±I2igi^3fc£tt»£-ti-ft:. -e©«. Ar 
^X#Hm*-C700 -Cx4B#H©^SI^Tor. 
£mP£»/c. C©ftg«l4*1>->^l'4<t-rS„ 
[0154] m&m&<Dy^7)l4<D®%.(D&iffi*%;¥ 
BUftttTttSE UciC5. Si«9*©^M5CiKj 1 u mJl© 

Nisi, ti*>e,%s'aHe*i^3nri^ c t&miu 

fc 0 JfcfcNiSi, fl*{C«0.1 Mm«T©Sb«B^TiC *TtH 
^fil^-C^rtc. (NiSi J tB«EFMfl ( fl-#r©Ni < Si©SJt*>6 30 

XX$>Zi>\ £.-rTiiC*^fflT#SC<t*^TiC <t* 

Ti c ta© wm^stj«ffl i> £ D4^<4ot 

5fc (1^^)S«L-C0.6 Mm{CJS-p-CC^fc©) *J 

^snn^^co.iMmJiiT) ictji-yfctd&3tn7L 
[0 15 5] (5) it->-7)i4±mi£icux:, TiC ©ftfo 

OtC. fl]3l&f$^Si^II©^i^tiS0.27//m©SiC £Sfi 40 

w\^xi%m^LxmmmL. mfketommzmux 

[0 15 6] (6) Jt$£©rcS?)&c. Ni-80wt%Si^^£r-/ 

¥^&S#ifo32MmK:ft£J;5CC# 
8Stt. Si*B©<&©4>©. S-itliNiSi, ffltfftK:??^* 50 



#ga2 000-149937 
30 

^©iScfcyNiSi, faw^ofewi^n-^^ftL-c^ 

fc. C©N1-Si^#t&^?:-9->^l'6i-rS. 

[ o 1 5 7 ] (7) -y->7>\>e tmmwmistc, w-^n 

&30U.m<DN\-8Q.st%SS&&.<D-< >^ y ht&^C, 1f> 
vOI/ 1 <LlH]&©ft^B?- 9 ?)\>jt y =HC<fc 0 Ni> ? 

»). ^©^©SlEfcNiSi, gfctiNiSifB^tfSHtt 
JWfcfiEStlTUfc. ^TWSitB&ONiSi, taa, D-is? 

feS32Mm) 7 tT-So 

[0158] 1 ftl^U 7©£-£*W-tt{5Jft&¥ 

:$&S«ift32iznrC. -y>^H. 2. 4 

~ 6 KNi : Si = 20 : 80> -9->7 , ;l/3 l 7 «Ni : Si= 36 : 



[0159] 
[317] 



No. 




*8P* 




1 


1950 


90 




2 


1950 


83 


m± 


3 


1350 


90 




4 


1930 


92 




5 


1920 


92 




6 


1940 


25 




7 


1340 


85 





CO 1 60] S7tC^-r<£5(C, ScmSfiCD^^?C^ 

tLh<bfi»r'*oyt 0 «pCc. «Ht**«:TiC , Sic ^35: 
[0 16 1] 

[ j»«7 ] Wt«6 1 4H*KUt, Si® 

J^Si*^^8^-r o ttte, Siffltt©MUt«. MR 
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* [0162] 



. *s i 
(Mtn) 


Mlfc 
(tU!) 


(mAh/cc) 


GO 




0.1 


98 


2800 


80 




0.15 


94 


2600 


80 




0.8 


72 


2200 


80 




1.5 


50 


1700 


85 




3.5 


45 


1600 


85 





[0 1 6 3] a8fC^T<fc^(C. S!{jt^rffi2*ffll,^ 
i. SitB^©SSi:tAi98wt%iJS<)5:-3r*>mSf^-9--f 

<&£©-?. Sjt*i42T?«2000 mAh/cc SiSiSM 

[0 164] fi£o-C. ti^r*KjtRflK>S»=i;*h* 

Siffitt©M«Jt#5wtX£U:. 99wt%£-C©ftffi*m£ 



* [0165] 

[ xm* 8 ] mmmm&z&m l idsmtt . fuse*! 6 © 

■9->^H <!:H«{Cl,TSiffi&#NiSi, tTCSHStlfc 

itss*. &^afifc<fctfsiffitft©¥*p*4g 

20 ifrsowtSST*-??!:,, 
[0166] 
[*9] 







(mAh/cc) 


(%) 


am 


985 








mm 


830 


27 


1950 


92 




700 


26 


1950 


90 


m± 


600 


20 


1940 


90 


m± 


500 


15 


1940 


88 


m± 



(m NiSi 2 &mfa1t&U8ll£993, °C 

[0167] tmm(Dmmw&m.tt. mtmu&xa *c 

[0168] 40 

sw&g30tim©si)|&*{c\ a*©£Ji£&®i?y 



*$. Si*l&©*SJ:k#Tr^T50w^<fcfcS<fc5K:. Stc 

W*4©ft@f^©^fe«i«c-«i(c^-r. thg<©fc# 
K. ^ffi©-jMKa©@tt*4-C*2»^«ttiCO^-C©m 

[0169] 
[^10] 
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/■ v *r 


t=p3 

CC) 


rH\ fcn tm 

MM 

(*C) 


El Jaw 
fi£© 

m& 


aX.S3-6-K 
(mAh/cc) 


4). v a ii, 

(%) 


m % 


MS 


946 


700 


HgSi, 


1700 


90 




Ca 


1030 


800 


CaSit 


1700 


90 


|S|± 


Fe 


937 


700 


FeSit 


1680 


85 


H± 


Co 


1259 


950 


CoSit 


1690 


65 


n± 


Hi 


993 


700 


NiSi, 


1700 


90 


m± 


In 


1150 


900 


Mn.Slr 


1690 


87 


m± 


Ti 


1330 


950 


TLSit 


1700 


84 


m± 


Pr 


1212 


950 


PrSi* 


1680 


85 


m± 


Nd 


1197 


950 


NdSi, 


1700 


83 


m± 


Ce 


1200 


950 


CeSi, 


1700 


84 


m±. 


Cu 


802 


600 


CuSij 


1700 


84 


m±. 


Cr 


1305 


950 


CrSi, 


1700 


80 


m± 


W 


1390 


1000 


WSi, 


1700 


80 




*A1 


577 


500 


Al 


1850 


80 


m± 


*Pb 


328 


300 


Pb 


1840 


80 


m± 










450 


80 





* feS«ttAl-Si**:tiPb-Si©@i&tt: 



[oi70]*io«:^t±^«:. *v *fc<fc l&f&Ltc 

©i&(,^ffi*m*?5sci3!»s-ctrfc. ss/c it-roots 

[0171] 

immmi o] 3^ijsw«. sm^BKisfigcs 

25ymfeiT. ¥*S&2l5um©Sif&3££ffi?l,. ASK 

©* ? <; - «rf^sa u tc. c © x -7 - *^»aiSK:^i2 5 



[0172] e©SiffcfcJg«C. ? 

«91«c <fc 0 Jft?£;5*i;fc'Sffltt©Jtfi(c <fc »3 &'P\Vgifrt 
[0173] C 5 LtMSntetSCttil:. 15251/ 

fc-mmzmicmw u fc©<t inject o-c ss^-t^-cs^ 

Lfc. c©SJSIS^*>«ai«:^-r. 

[0 174] 

[mil] 
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35 36 





V 3f 




-ftfr i,ff roL-xa n"r* 

Cc) 


IJ. CO rtT 

CraAh/cc) 


(%) 


v§ w 


Ni 




993 


700 


1700 


85 




Fe 


* 8? 


937 


700 


1680 


80 


m± 


Co 




1259 


950 


1700 


85 


m± 


Mn 


« IB 


1150 


900 


1690 


82 


m± 


Ti 


13 -h 


1330 


950 


1700 


80 


m± 


Pr 


13 Jt 


1212 


950 


1690 


80 


m± 


Nd 


13 -h 


1197 


950 


1710 


80 


m± 


Ce 


13 -L 


1200 


950 


1700 


80 


m± 


Cu 




802 


BOO 


1680 


80 


m± 


Cr 


* m 


1305 


950 


1690 


80 


n± 




450 


80 





[0 1 7 5] SUltc^-fJ^tc. «HfcSffiB(cfEo-C. 

*tf*s*. Js*offlur'aH^*^Rurfe. wigs 

[0 17 6] 

Mg, Ca. Co. Fe£fcttW^6ft Stf^B&fctllJSiM ? * 

m & pj«cr>^rf^ $51 l . mm<otm*n -> tc 

®JME©*^>U*$8tg&taXLfc^^-X. 2« 
ffiglTC&ip. IE^«5:fo£t> t jMI«6#s-fe^L'-#7 

^ l- r tk&@»*tt f c^s 3 tit * 1*3 gor^ § n 

TI^S. -eU-C±IHiE@S5^e>«iE©T-il'5 F5a 40 
#3l£ffl3ftT«P«2tcg$&§ti, Affi«6*>65*« 

ccg^^nr^s. 8i*i&ity>y-c. ®ffiSH©i:T 

[0178] Effitg 5 «. ;X© «fc 5 fC OTi^l/c. £ 

C©S£*teffi«1i:H«T«:*a»T. 900 'C-C-S^K 
SSlfdE L/ T iESrS^WC & -5 LiCoQ, ZiWtc. C©LiCoO, © 

19*100 mmmc. mmmmoT-k?^-?? v t? 3« 

£35. 7y^flt%t&«*1l5ffjttl%a£U N->? 50 



©•^— h£JS$0.020 mm©TJl'3?g(DMffitC^lfU > 
0.130 mm. Gl35mm. gS270 nm©iESfe5 4 

[0179] Jt^6©{i3mi:;x©ii<3-c*>£. xjt 

0J 9 {ciH D r flPt? L ?L&&tiL*fr 6 & fcHl&ttftloo a 
MgRCC. X5FU>-:/£y;t>:JA^*§#ffiJioJt»g|5£ 

tKfCOfc. C©^-^h*. Jfi* 0.015 mm©l0S©affi 
©^#U $S&f£J130.2 mm. *l37mm. E5 300 im©^ 

[0180] ±fB©J: ^Kil,-cfP$3L./ciESffiiftStS 

«3 50nm©^ffeir-XrtK:JRiWOfc. SBS&WJeitiBx 
* U > ^Jl,^ ^^cmm^SlKK:. LiPF, 
4 1 M^g-C^M t tcim*&m b . 4 &Cj£A L 

a^tfPL. «8i«?ifeA~F cy7+7c*»-e 

n-eilNi. Ma. Ca. Fe. Co, W) *fPS?L/c„ 
[0181] cn?>©tife*, 3^&a®j£l00 mAf3(tS 

1&±&&.4.2 v. jRSf^±mi£25V-e5£Sfc^^^JH« 

H*frt>. 11^'( r i';l'a©3tSiC^S*S , J^S4<!:*> 

sc. 500 -tfw^u&osm^sfci'Btu iif--f^;ua 
©amsafc^-r s soo -y- ^ ^ & a©j5r^#s©sa^- 

[0182] cn^©m?lk©l ^-)Ug©3tfl8. fta 
SSijJcC^soo •t^*;^©fi^SStit-i'?JU3$i& ; £ 
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[0183] * * [*1 2] 





*-A 








-9"-f 9)\> 




A 


Ni 


945 


900 


834 


93 




B 


Mr 


923 


879 


791 


90 


C 


Ca 


935 


890 


810 


91 


D 


Fe 


820 


780 


679 


87 


E 


Co 


840 


800 


704 


88 


F 


W 


800 


760 


654 


86 


G- 




530 


500 


400 


80 





[oi84] *mxo#*mMnr#.fmiz. s-it&*«c 

[0 18 5] 

[0 1 ] 0 1 ca) ittf^r h-7-fxm<o^^m3mK. 

m-rmmm. 1Kb) «^©^X;i^cDfc^#fB0-t?.fc 
[@2] *o-Jkm^a<DSlS©im^W«:^Ti!i 



-X [0 3 ] H 3 Ca) tt. XvHgiiffijSOSSg© 1 W 

*m5mtcm-$-®mm-c$>*). 03cw 

20 [04 ] ■£> ^fi^cD«a^<0 1 M*9frriStW 

[05] ^S6WI -CUmmk ittffSL- fc^Tkm^H - 
^m?6CD«JS?r^-r »rM0 1'* h „ 
[EH*Z>i»iB] 

31 : T V V.&WiW. 13: f-v-f 

X^XiV. is: rtzimm. 2i:jBU^P-^. 22 : jgjg 
5?>X-f y^a, 23: ZlsT 4 -j SX)\s2X 30 : & 

SPSS. 31 + 32:B§ffi. 33 : Nttt. 3 

21 : ^X;l<. 322 : *gSP> 323 : ^Rgtt#X, 324 : 
30 &iP*. 40:SitBSE. 41 : CNiSi, + NiSi)V h <y 
tB. 42:NiSi 2 ffi. 1 :Htfe$--*. 2 : ttPg> 3 : 

4 :®«tgf. 5 :IE««. 6 : 
7 : -fe^U-*, 8 : *fe»';>^„ 



[02] 



[04] 
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